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1
The ability of six strains of Pichia anomala, four strains of Pichia kluyveri and two 2 strains of Hanseniaspora uvarum predominant during coffee processing to produce 3 polygalacturonase (PG), pectin esterase (PE) and pectin lyase (PL) in yeast 4 polygalacturonic acid medium (YPA) and in coffee broth (CB) was studied. For 5 comparison, a reference strain of Kluyveromyces marxianus CCT 3172 isolated from 6 cocoa and reported to produce high amount of PG was included. 7 Initial screening of PG activity using YPA medium showed that K. marxianus CCT 8 3172, P. anomala S16 and P. kluyveri S13Y4 had the strongest activity. Enzymatic 9 assays showed that the four yeast species secreted PG, but none of the yeasts 10 investigated was found to produce PE or PL. P. anomala S16 and P. kluyveri S13Y4 11 were found to produce higher amounts of PG when grown in CB than in YPA. When 12 K. marxianus CCT 3172, P. anomala S16 and P. kluyveri S13Y4 were grown in YPA by K. marxianus CCT 3172 and P. anomala S16, the optimum pH and temperature for processed by the wet method. However, more than 80 % of arabica coffee in Brazil, 8 Yemen and Ethiopia are processed by the dry method (Brando, 2004) . In wet processing 9 of coffee, the ripe coffee cherries are pulped followed by fermentation and drying
10
(Fowler et al., 1998).
11
It is a main aim of coffee fermentation to remove the pectineous mucilage adhering to (S12, S13, S14, S15, S16, S17), four strains of P. kluyveri (S4Y3, S7Y1, S8Y4, S13Y4) 22 and two strains of H. uvarum (S3Y8, S15Y2 was modified from a procedure described by Zink and Chatterjee (1985) . Three spots of 
Results and Discussion
Beside K. marxianus CCT 3172 isolated from cocoa and reported to have strong PG 1 activity (Schwan and Rose, 1994), P. anomala S16 and P. kluyveri S13Y4 were found 2 to exhibit the strongest extracellular PG activity on agar plates of the polygalacturonic 3 acid medium with diameters of clearing zones around colonies of 29-32 mm (Fig 1) . In the present study, the highest amounts of PG were found to be secreted by K.
17
marxianus CCT 3172, P. anomala S16 and P. kluyveri S13Y4, while other yeast strains 18 produced scarce amounts of the enzyme, which agrees with screening of PG activity, 19 determined by the plate method for hydrolysis of polygalacturonic acid (Fig 1) . 20 Furthermore, the PG was found to be secreted in higher amounts when P. anomala S16
21
and P. kluyveri S13Y4 were grown in CB than when grown in PYA broth ( absence of enzyme induction during growth on glucose without polygalacturonic acid.
10
In addition to polysaccharides and sucrose, it has been reported that in beans of arabica The effect of growing of P. anomala S16, P. kluyveri S13Y4 and K. marxianus CCT From the present study, it can be seen that only PG was produced by the investigated 13 yeasts. Significant differences in the amounts of PG secreted were found between the 14 yeast species as well as between strains of the same species. The extracellular PG 15 produced by P. anomala S16 and P. kluyveri S13Y4 have an optimum activity at pH of 16 5.5 and 5.0 respectively, which is within the range of pH conditions that occur during 17 coffee fermentation. In addition to their ability to secrete PG, P. anomala S16 and P. . Therefore, the strong pectinolytic strains of P. anomala and P.
21
kluyveri appear to have potential to be used as starter cultures for mucilage degradation 22 and biological control against OTA producing fungi during coffee fermentation.
23
Further studies of the PG produced by these yeasts are needed and the ability of the 24 investigated yeasts to degrade mucilage in vivo i.e. during coffee processing shall be 1 conducted, which will be accompanied by evaluation of the quality of coffee beans i.e. Legends to figures Figure 1 . Screening for pectinolytic activity of six strains of Pichia anomala (S12, S13, S14, S15, S16, S17), four strains of Pichia kluyveri (S4Y3, S7Y1, S8Y4, S13Y4), two strains of Hanseniaspora uvarum (S3Y8, S15Y2) and the reference strain Yeasts PG activity (µmol galaturonic acid /min) YPA ± SD 1 CB ± SD S12 5.5 ± 0.3 5.2 ± 0.4 S13 5.3 ± 0.3 4.7 ± 0.5 S14 4.5 ± 0.6 5.0 ± 0.3 S15 5.1 ± 0.3 5.5 ± 0.6 S16 20.0 ± 0.7 46.0 ± 0.4 S17 5.7 ± 0.7 5.3 ± 0.6 S4Y3 7.2 ± 0.4 5.1 ± 0.7 S7Y1 5.3 ± 0.7 5.8 ± 0.3 S8Y4 6.1 ± 0.3 5.2 ± 0.5 S13Y4 17.0 ± 0.7 36.5 ± 0.5 S3Y8 3.4 ± 0.8 3.5 ± 0.7 S15Y2 2.7 ± 0.4 3.2 ± 0.8 CCT3172 2 24.5 ± 0.3 16.6 ± 0.6 1 Standard deviation for two trials. 2 Reference strain Kluyveromyces marxianus isolated from cocoa (Schwan and Rose 1994). Table 1 . Production of polygalacturonase (PG) by six strains of Pichia anomala (S12, S13, S14, S15, S16, S17), P. kluyveri (S4Y3, S7Y1, S8Y4, S13Y4), two strains of Hanseniaspora uvarum (S3Y8, S15Y2) and Kluyveromyces marxianus CCT 3172 grown in yeast polygalacturonic acid medium (YPA) and in coffee broth (CB). 
